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METHODS AND SYSTEMS FOR AUTOMATICALLY DISPLAYING 
INFORMATION, INCLUDING AIR TRAFFIC CONTROL INSTRUCTIONS 

TECHNICAL FIELD 

[0001] The present invention relates generally to methods and systems for 

automatically displaying aircraft information, including air traffic control 
instructions. 

BACKGROUND 

[0002] Many modern aircraft receive information automatically and electronically 

from air traffic control (ATC). This arrangement allows air traffic controllers to 
communicate with the aircraft in an efficient, automated manner. Figure 1 is a 
schematic diagram of a typical ATC communication system. An ATC transmitter 
60 issues an electronic signal (e.g., via a data link), which is received by an 
onboard aircraft receiver 61 . The aircraft receiver 61 conveys the information to a 
communication display 10 where the flight crew can read the instructions provided 
by the air traffic controllers. 

[0003] Instructions which are to become part of the flight plan for the aircraft are 

then conveyed automatically to a flight management system where they appear on 
a flight plan list display 51 presented at a control and display unit (CDU) 50. 
Other instructions, which do not become part of the overall flight plan for the 
aircraft follow a different route. These instructions are read by the flight crew (as 
shown in block 9) and then manually entered by the flight crew into the 
appropriate aircraft system for example, via a computer keypad. Such instructions 
can include a directive to change or maintain aircraft altitude, change aircraft 
heading or speed, tune the aircraft radios to a particular frequency, adjust the 
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aircraft's transponder code, or calibrate the aircraft's altimeter setting. These 
instructions are manually input at the aircraft's mode control panel 20 (for altitude, 
heading or speed instructions), or at a radio tuning panel 30 (for radio frequency 
instructions), or at the aircraft's ATC transponder panel 40 (for transponder code 
settings), or at the aircraft's altimeter setting panel (for altimeter settings). 

One feature of the foregoing arrangement is that the flight crew must 
manually re-enter a wide variety of data into a computer system after the data are 
automatically brought aboard the aircraft via the aircraft receiver 61 . A drawback 
with this arrangement is that it can be cumbersome and time-consuming for the 
flight crew to implement. Accordingly, while the current arrangement provides a 
method for electronically conveying information to an aircraft, the information may 
not always be efficiently handled and implemented. 

SUMMARY 

The present invention is directed generally toward methods and systems 
for displaying and handling aircraft information, including air traffic control 
instructions. A method in accordance with one embodiment of the invention 
includes receiving from a source off-board an aircraft an instruction for changing a 
characteristic of the aircraft. The method can further include automatically 
displaying at least a portion of the instruction at a first display location of the 
aircraft. In response to receiving a first input signal directed by an operator 
onboard the aircraft, the method can include displaying at least a target portion of 
the instruction at a second display location, without the instruction being manually 
regenerated onboard the aircraft and without the instruction becoming part of a 
flight plan list of automatically executed flight segments. The method can further 
include, in response to receiving a second input signal directed by an operator 
onboard the aircraft, displaying at least a target portion of the instruction at a third 
display location without the instruction being manually regenerated onboard the 
aircraft. Portions of the instruction can be displayed at different and/or multiple 
display locations of the aircraft. 
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006] In particular embodiments, at least a target portion of the instruction can be 

displayed at a mode control panel of the aircraft, for example, at a preview display 
of the mode control panel. In response to receiving the second input signal, the 
method can include displaying at least a target portion of the instruction at an 
active display of the mode control panel. The instruction can include an 
instruction received from air traffic control for directing the aircraft to a target 
altitude, target air speed, target heading, or an instruction for tuning an aircraft 
radio to a particular radio frequency setting, adjusting a transponder setting, 
and/or adjusting an altimeter setting. 

3007] A system for handling incoming aircraft operation instructions in 

accordance with another embodiment of the invention includes means for 
receiving an instruction for changing a characteristic of an aircraft, from a source 
off-board the aircraft. The system can further include first display means for 
automatically displaying at least a portion of the instruction at a first display 
location of the aircraft (for example, a communication display). The system can 
further include second display means for displaying at least a target portion of the 
instruction at a second display location in response to receiving a first input signal 
directed by an operator onboard the aircraft, without the instruction being 
manually regenerated onboard the aircraft, and without the instruction becoming 
part of a flight plan list of automatically executed flight segments. The system can 
still further include third display means for displaying at least a target portion of 
the instruction at a third display location in response to receiving a second input 
signal directed by an operator onboard the aircraft, without the instruction being 
manually regenerated onboard the aircraft. The second and third display 
locations can include displays of an aircraft mode control panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a schematic diagram of a system for electronically conveying 

information to an aircraft in accordance with the prior art. 
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[0009] Figure 2 is a schematic block diagram of a system for conveying 

information to an aircraft in accordance with an embodiment to the invention. 
[0010] Figure 3 is a more detailed block diagram illustrating of aspects of the 

system shown in Figure 2. 
loon] Figure 4 is a partially schematic illustration of a flight deck having a system 

that displays and handles information in accordance with an embodiment of the 

invention. 

[0012] Figure 5 is an illustration of portions of a system for handling aircraft 

altitude control information in accordance with an embodiment of the invention. 
[0013] Figure 6 is an illustration of portions of a system for handling aircraft speed 

information in accordance with an embodiment of the invention. 
[0014] Figure 7 is an illustration of portions of a system for handling aircraft lateral 

control information in accordance with an embodiment of the invention. 
[0015] Figure 8 is an illustration of portions of an aircraft system for handling radio 

frequency information in accordance with an embodiment of the invention. 
[0016] Figure 9 is an illustration of portions of an aircraft system for handling 

aircraft transponder information in accordance with an embodiment of the 

invention. 

[0017] Figure 10 is an illustration of portions of an aircraft system for handling 

aircraft altitude setting information in accordance with another embodiment of the 
invention. 

DETAILED DESCRIPTION 

[0018] The following disclosure describes systems and methods for displaying, 

handling and implementing electronic information automatically received aboard 
an aircraft. Certain specific details are set forth in the following description and in 
Figures 2-10 to provide a thorough understanding of various embodiments of the 
invention. Well-known structures, systems and methods often associated with 
handling electronic instructions have not been shown or described in detail below 
to avoid unnecessarily obscuring the description of the various embodiments of 
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the invention. In addition, those of ordinary skill in the relevant art will understand 
that additional embodiments of the present invention may be practiced without 
several of the details described below. 

[0019] Many embodiments of the invention described below may take the form of 

computer-executable instructions, such as routines executed by a programmable 
computer (e.g., a flight guidance computer). Those skilled in the relevant art will 
appreciate that the invention can be practiced on other computer system 
configurations as well. The invention can be embodied in a special-purpose 
computer or data processor that is specifically programmed, configured or 
constructed to perform one or more of the computer-executable instructions 
described below. Accordingly, the term "computer" as generally used herein 
refers to any processor and can include Internet appliances, hand-held devices 
(including palm-top computers, wearable computers, cellular or mobile phones, 
multiprocessor systems, processor-based or programmable consumer electronics, 
network computers, mini-computers and the like). 

[0020] The invention can also be practiced in distributed computing environments, 

where tasks or modules are performed by remote processing devices that are 
linked through a communications network. In a distributed computing 
environment, program modules or subroutines may be located in both local and 
remote memory storage devices. Aspects of the invention described below may 
be stored or distributed on computer-readable media, including magnetic or 
optically readable or removable computer discs, as well as distributed 
electronically over networks. Data structures and transmissions of data particular 
to aspects of the invention are also encompassed within the scope of the 
invention. 

[0021] Figure 2 is a schematic illustration of an aircraft 102 having a system 100 

configured to handle information received from off-board the aircraft in 
accordance with an embodiment of the invention. In one aspect of this 
embodiment, the system 100 includes a receiver 161 (e.g., an air traffic control 
(ATC) data receiver) that automatically receives electronic instructions transmitted 
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to the aircraft 102 from a transmitter 160 (e.g., an ATC transmitter). The 
instructions are displayed to the flight crew of the aircraft at an ATC display 162. 
The system 1 00 receives an input 1 03 from the operator to load the instructions 
into a computer, e.g., a flight guidance computer 106 or another computer 109. 
The instructions are loaded without being manually regenerated onboard the 
aircraft. Accordingly, and as described in greater detail below, the overall 
efficiency of the system 100 can be significantly enhanced when compared with 
existing systems. 

[0022] The flight guidance computer 106 can include a flight management 

computer, autoflight computer, autopilot, and/or autothrottle and can be linked to 
one or more aircraft control systems 101, shown in Figure 2 as a lateral motion or 
roll control system 101b, and an air speed or engine control system/autothrottle 
101c to control the aircraft direction, altitude and speed. The flight guidance 
computer 106 directs the operation of the control systems 101 (based on inputs 
from the receiver 161 and the operator) either automatically or by providing 
guidance cues to the operator who then manually controls the aircraft 102. 
Accordingly, the flight guidance computer 106 can include a memory and a 
processor and can be linked to display devices 108, I/O devices 107 and/or the 
other computers 109 of the system 100. The other computers 109 can control 
other (e.g., non-flight control) aspects of the aircraft's operation. The I/O devices 
107 and the display devices 108 are housed in a flight deck 180 of the aircraft 102 
for access by the pilot or other operator. The operator's interactions with the 
system 100 are described in greater detail below with reference to Figure 3. 

[0023] Figure 3 is a schematic illustration of components of the system 100 

configured to process information in accordance with an embodiment of the 
invention. The instruction receiver 161 onboard the aircraft 102 (Figure 2) 
receives information transmitted from the ATC transmitter 160 off-board the 
aircraft. The information received by the instruction receiver 161 can be in the 
form of an analog or digital signal. In a particular embodiment, analog signals 
received by the instruction receiver 161 are converted to digital signals, by the 
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instruction receiver 161 itself or by another portion of the system 100. The 
system 100 can also provide a receipt 367 of the instruction (e.g., to ATC) via a 
receipt portion 368. A first display portion 362a displays the instruction to the 
operator of the aircraft. For example, if the instruction includes a requested 
change in aircraft course, airspeed, or altitude, the first display portion 362a 
displays both the nature of the requested change(s) and a numerical target value 
associated with the change(s) (block 366a). 

[0024] A first operator input receiver portion 363a then receives an operator input 

364a, without requiring the operator to regenerate the instruction. A second 
display portion 362b re-displays at least a portion of the instruction (block 366b). 
For example, the second display portion 362b can include a preview display 
window that allows the operator to preview the target portion of the instruction 
before the instruction is implemented. The instruction can be displayed without 
becoming part of a flight plan list of automatically executed flight segments. 
Accordingly, the instruction can correspond to a tactical instruction, as described 
below with reference to Figure 5. 

[0025] A second operator input receiver portion 363b receives a second operator 

input 364b, again without requiring the operator to regenerate the instruction. 
Once the second operator input 364b is received, a third display portion 362c re- 
displays at least a portion of the instruction (block 366c). For example, the 
instruction can be displayed at an active window of a display device, indicating to 
the operator that the instruction is ready to be implemented. An instruction 
implementer 365 then implements the instruction, either automatically or with a 
third input 364c from the operator. When the instruction is implemented, a 
characteristic of the aircraft (e.g., commanded direction, commanded speed, 
tuned radio frequency, or transponder setting) changes. 

[0026] Figure 4 illustrates a flight deck 180 having displays and controls 

associated with an embodiment of the system 100 described above. Figures 5-10 
are detailed illustrations of portions of the displays and controls, illustrating 
specific examples of systems and methods for implementing instructions without 
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requiring the operator to regenerate the instructions. Beginning with Figure 4, the 
flight deck 180 can include forward windows 481 providing a forward field of view 
from the aircraft 102 (Figure 2) for operators seated in a first seat 485a and/or a 
second seat 485b. In other embodiments, the forward windows 481 can be 
replaced with one or more external vision screens that include a visual display of 
the forward field of view out of the aircraft 102. A glare shield 482 can be 
positioned adjacent to the forward windows 481 to reduce the glare on one or 
more flight instruments 484 positioned on a control pedestal 483 and a forward 
instrument panel 470. 

[0027) The flight instruments 484 can include primary flight displays (PFDs) 471 

that provide the operators with actual flight parameter information, and 
multifunction displays (MFDs) 478 that display other operator-selectable 
information. For example, one or more of the MFDs 478 can present a navigation 
display 472 containing navigational information. The flight guidance computer 
106 described above with reference to Figure 1 can include several linked and/or 
unlinked computers, including a flight management computer (FMC) 452. Control 
display units (CDUs) 450 positioned on the control pedestal 483 provide an 
interface to the flight management computer 452. The CDUs 450 include a flight 
plan list display 451 for displaying information corresponding to upcoming 
segments of the aircraft flight plan. The flight plan list can also be displayed at 
one of the MFDs 478 in addition to or in lieu of being displayed at the CDUs 450. 
The CDUs 450 also include input devices 453 (e.g., alphanumeric keys) that allow 
the operators to enter information corresponding to the segments. The flight 
guidance computer 106 can further include a mode control panel (MCP) 420 
having input devices 421 for receiving inputs from the operators, and a plurality of 
displays 422 for providing flight control information to the operators. The 
operators can select the type of information displayed on at least some of the 
displays by manipulating a display select panel 486. Electronic flight information 
system control panels (EFISCPs) 487 include displays and input devices for 
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altimeter settings. Radio control panels 488 provide displays and controls for 
setting radio frequencies. 
[0028] Figure 5 illustrates the mode control panel 420, together with a 

communication display 510 and an altitude display 573 configured in accordance 
with an embodiment of the invention. The mode control panel 420 includes a 
speed control portion 523 for controlling aircraft speed, a lateral control portion 

524 for controlling the lateral motion of the aircraft, and a vertical control portion 

525 for controlling the vertical motion and altitude of the aircraft. Each portion 
can include a preview display, an active display, a visual separator, and an input 
device. For example, the vertical control portion 525, which is highlighted in 
Figure 5, can include a preview display 522a separated from an active display 
522b by a separator 526. The preview display 522a can present a target 
(corresponding to a new instruction) for review by the operator before the operator 
further loads or transfers the instruction for implementation, for example, with a 
transfer input device 521 , 

[0029] An instruction 527 can be initially presented at the communication display 

510. The communication display 510 can be a field of one of the MFDs 478 
(Figure 4), the CDU 450 (Figure 4), or another display. Input devices 51 1 (shown 
as an "accept" input device 511a, a "load" input device 511b and a "reject" input 
device 511c) positioned proximate to the communication display 510 allow the 
operator to accept, reject or load the instruction displayed at there. The selectors 
511 can have other labels in other embodiments, e.g., the "accept" input device 
51 1a can be labeled "wilco" or "roger" and/or the "reject" input device 51 1c can be 
labeled "unable." In one embodiment, the input devices 511 can include 
selectable computer-generated display icons, and in other embodiments, the input 
devices 51 1 can include other arrangements, for example, pushbutton switches, 
cursor control devices and/or voice activation/recognition systems. 

[0030] The altitude display 573 can be presented at the primary flight display 471 

(Figure 4) or another location. The altitude display 573 can include a current 
altitude indicator 574 and a preview indicator (or "bug") 576 highlighting a new 
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altitude target associated with the instruction displayed at the communication 
display 510. The altitude display 573 can also include a preview display 575a 
which provides a preview of the new target altitude, and an active display 575b 
which presents the current target altitude. ATC instructions can be directed to the 
altitude display 573 and the mode control panel 420 without requiring the operator 
to re-input such information, as described below. 

[0031] In operation, an incoming ATC instruction 527 is automatically received by 

the aircraft, for example, via an electronic data link or a voice recognition system 
that interprets voice instructions from ATC, or another arrangement. The 
instruction 527 can be automatically displayed at the communication display 510, 
where it is visually accessible to the operator. As shown in Figure 5, the 
instruction can include a directive to climb to and maintain a 14,000 foot altitude. 
The operator can manipulate the input devices 51 1 positioned proximate to the 
communication display 510 to control how the instruction will be handled. For 
example, the operator can provide a receipt signal to the source of the ATC 
instruction by activating the accept input device 511a if the instruction is 
accepted, or a reject input device 511c if the instruction is rejected. Once the 
instruction has been accepted, the operator can activate the load input device 
511b to direct a first input signal. In another embodiment, the first input signal 
can be directed when the operator activates the accept input device 51 1a, and the 
load input device 51 1 b can be eliminated. 

[0032] Upon receiving the first input signal, the system 100 directs the instruction 

to the appropriate system or subsystem at which it will be handled. For example, 
when the instruction includes an altitude directive, the instruction can be directed 
to both the altitude display 573 and the vertical control portion 525 of the mode 
control panel 420. 

[0033] At the altitude display 573, the new altitude target (e.g., 14,000 feet) is 

highlighted by the preview indicator 576 and presented at the preview display 
575a. At the mode control panel 420, this information can also be displayed at 
the preview display 522a while the active display 522b presents the altitude target 
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to which the aircraft is currently being directed. When the operator provides a 
second input signal (e.g., via the transfer input device 521 on the mode control 
panel 420), the instruction provided in the preview displays 575a, 522a appears in 
the active displays 575b, 522b. In one aspect of this embodiment, the action of 
sending the second input signal not only updates the active displays 575b, 522b 
to include the new target, but also automatically implements the new target. For 
example, when the second input is received, the aircraft can automatically be 
directed to attain to the new target altitude, or the flight control system can 
automatically provide the operator with visual guidance cues for manually flying 
the aircraft to the new target altitude. In another embodiment, the operator 
provides at least one further input signal (e.g., a third input signal) before the new 
target will be implemented. This additional input signal can be provided via the 
same transfer input device 521 that provided the second input signal, or via 
another input device. 

[0034] In one aspect of foregoing embodiments, the instruction 527 initially 

displayed at the communication display 510 can be subsequently provided at one 
or both of the altitude display 573 and the mode control panel 420 upon receiving 
at least one input signal from the operator, and without requiring the operator to 
regenerate or re-input this information. In still a further aspect of this 
embodiment, the instruction can relate not to generally strategic flight plan 
segments (which are presented at the flight plan list display 451 described above 
with reference to Figure 4), but to tactical aspects of the control of the aircraft. 
These tactical control instructions may be implemented immediately (or nearly 
immediately) after being authorized by the operator. In other cases, the tactical 
instructions can be implemented later, for example, after a selected condition has 
been met. Further details of systems for handling conditional air traffic control 

instructions are disclosed in copending U.S. Application No. 

(Attorney Docket No. 0300481 17US), entitled "Systems and Methods for Handling 
Aircraft Information Received From an Off-Board Source," filed concurrently 
herewith and incorporated herein in its entirety by reference. 
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[0035] The system 100 can handle other instructions (in addition to, or in lieu of 

the altitude instructions described above) in a generally similar manner. For 
example, referring now to Figure 6, an instruction 627 displayed at the 
communication display 510 can relate to the control of the aircraft speed (e.g., a 
directive to increase the speed of the aircraft to 320 knots). The operator can 
accept or reject the instruction 627 by activating the accept input device 51 1 a or 
the reject input device 51 1 c, and can load an accepted instruction by activating 
the load input device 511b. Once loaded, the instruction can be automatically 
directed to other portions of the overall system 100, for example, an airspeed 
indicator display 673 presented at the primary flight display 471 (Figure 4), and 
the speed control portion 523 of the mode control panel 420. At the airspeed 
indicator display 673, a current airspeed indicator 674 and an active display 675b 
present the current airspeed target to which the aircraft is being controlled. A 
preview indicator 676 and a preview display 675a present the new target 
airspeed. At the mode control panel 420, an active display 622b presents the 
current target airspeed, a preview display 622a displays the new target, and a 
separator 626 visually separates the two displays. When the operator activates a 
transfer input device 621, the active displays 622b and 675b are updated to 
include the new target. 
[0036] Figure 7 illustrates a method and system for handling lateral motion control 

instructions, in accordance with another embodiment of the invention. The 
communication display 510 can present a lateral motion control instruction 727 
that includes a new lateral target (e.g., "TURN LEFT HEADING 090"). 
Accordingly, the instruction can include the direction of the maneuver (e.g., left 
turn or right turn) as well as the target (e.g., 090). The instruction can also 
optionally indicate the basis for the target, e.g., whether the target is based on a 
magnetic bearing or a true bearing. The lateral motion control instruction 727 
may also be issued and processed as a "heading" instruction (which does not 
account for drift-angle caused by winds aloft) or a "track" instruction (which does). 
When the operator activates the load input device 511b, the instruction can be 
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directed to a direction display 773 (presented, for example, at the navigation 
display 472 shown in Figure 4) and/or the lateral control portion 524 of the mode 
control panel 420, without being regenerated. At the direction display 773, an 
active course indicator 774 and an active course line 775b present the current 
lateral direction of the aircraft. A preview indicator 776 and a preview course line 
775a identify the new target. The mode control panel 420 displays the current 
direction at an active display 722b, and the new target at a preview display 722a 
with a separator 726 positioned between the two. When the operator activates an 
input device 721, the active course line 775b and the active displays 772b and 
774 are updated to reflect the new target information. 

[0037] In other embodiments, systems and methods generally similar to those 

described above can be used to automatically update displays and/or implement 
new target instructions regarding aspects of the aircraft's operation other than its 
heading, altitude and airspeed. For example, as shown in Figure 8, the 
communication display 510 can present an ATC instruction 827 to tune the 
aircraft radio to a particular radio frequency (e.g., "CONTACT OAKLAND 
CENTER ON 124.000"). When the operator activates the load input device 511b, 
this instruction is automatically routed to a radio panel 830 and presented at a 
preview display 832a. When the operator activates a transfer input device 831 at 
the radio panel 830, the new target radio frequency is loaded into an active 
display 832b. As described above, the operator can optionally provide at least 
one further input signal before the new target is implemented, e.g., before the 
radio is automatically tuned to the new target frequency. 

[0038] Referring now to Figure 9, the communication display 510 can present an 

automatically uplinked transponder instruction 927 (e.g., "SQUAWK 0457") which, 
when the operator activates the input device 511b, is automatically directed to a 
transponder panel 940. The instruction 927 is initially presented at a preview 
display 942a of the transponder panel 940 and then presented at an active 
display 942b when the operator activates a transfer input device 941. In one 
aspect of this embodiment, the new transponder frequency is automatically 
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implemented upon activation of the transfer input device 941, and in other 
embodiments, the operator inputs an additional signal prior to implementation. 

As shown in Figure 10, the communication display 510 can display an 
instruction 1027 that includes an altimeter setting to which the aircraft altimeters 
should currently be calibrated (e.g., "PORTLAND ALTIMETER 29.74"). This 
instruction can be directed to a preview display 1075a located proximate to the 
altitude display 573 described above with reference to Figure 5. When the 
operator activates a transfer input device 1077, the instruction is transferred to an 
active display 1075b, indicating that the aircraft altimeters are now referenced to a 
new target altimeter setting. The transfer input device 1077 can be located 
proximate to the altitude display 573, as shown in Figure 10, or at the EFISCPs 
487 described above with reference to Figure 4. 

One feature of the foregoing embodiments described above with reference 
to Figures 2-10 is that instructions received automatically onboard the aircraft 
from an off-board source can be acted on by aircraft systems without the operator 
having to re-enter, regenerate or re-input the instructions. An advantage of this 
feature is that the time required by the operator to implement the instructions can 
be significantly reduced when compared to current methods that require the 
operator to re-input the instructions. 

A further aspect of many of the foregoing embodiments is that, while the 
instructions received onboard the aircraft are acted upon without being 
regenerated, they are not acted upon without the involvement of the operator. For 
example, the operator can be responsible for acknowledging receipt of the 
instruction, loading the instruction (which will automatically be directed to the 
appropriate system or subsystem), transferring the instruction to active status 
after previewing it, and, optionally, authorizing implementation of the instruction 
after it has been placed on active status. An advantage of this arrangement is 
that the operator controls whether and when to load, activate and/or implement 
the instructions, without having to manually re-enter the instructions. 
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[0042] From the foregoing, it will be appreciated that specific embodiments of the 

invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. For example, aspects of the invention described in the context of 
particular embodiments can be combined, re-arranged, and/or eliminated in other 
embodiments. Accordingly, the invention is not limited except as by the appended 
claims. 
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